Background: Neoadjuvant chemoradiotherapy following surgery has recently become a standard therapy. The purpose of the present study was to determine the effectiveness and toxicity of re-irradiation for oligo-recurrence in lymph nodes from esophageal cancer treated by definitive radiotherapy or by surgery with additional radiotherapy. Methods: We reviewed retrospectively 248 patients treated with (chemo)radiotherapy for oligo-recurrence in lymph nodes from esophageal cancer in five Japanese high-volume centers between 2000 and 2015. Thirty-three patients in whom re-irradiation was performed were enrolled in this study, and the results for patients in whom re-irradiation was performed were compared with the results for other patients.
Background
Cancer status with ≤ 5 metastatic or recurrent lesions and with controlled primary lesions can be considered as "oligo-recurrence". The concept of oligo-recurrence was proposed by Niibe et al. [1, 2] . Our study group has reported that oligo-recurrence in lymph nodes from esophageal cancer can be cured by radiotherapy, especially chemoradiotherapy [2] . Surgery alone has so far been a standard treatment method for primary esophageal cancer. Therefore, in patients with oligo-recurrence in regional lymph nodes, definitive radiotherapy could be performed relative safely with good results [2, 3] . However, neoadjuvant chemoradiotherapy following surgery has recently become a standard therapy [4] . There have been no report showing the efficacy and safety of reirradiation for lesions with a radiotherapy history in patients with esophageal cancer.
The purpose of the present study was to determine the effectiveness and toxicity of re-irradiation for oligorecurrence in lymph nodes from esophageal cancer treated by definitive radiotherapy or by surgery with additional radiotherapy.
Methods
We reviewed retrospectively 248 patients who received (chemo)radiotherapy for oligo-recurrence in lymph nodes from esophageal cancer in 5 Japanese highvolume centers between 2000 and 2015.
The eligibility criteria for this retrospective analysis were as follows: a) the primary lesion of esophageal cancer was controlled; b) having 1-5 lymph nodes recurrences; c) without recurrence other than lymph node; and d) salvage radiotherapy or chemoradiotherapy for lymph node recurrence was given.
Of those 248 patients, 33 patients in whom reirradiation was performed were enrolled in this study, and the results for patients in whom re-irradiation was performed were compared with the results for other patients.
The disease-free interval (DFI) was defined as the interval between initial therapy for the primary lesion and the date of identification of recurrence.
Toxicity
Toxicity was graded according to the Common Terminology Criteria for Adverse Events (CTCAE v4.0).
Statistical analysis
Survival estimates were calculated using the KaplanMeier method from the first date of radiotherapy for oligo-recurrence, and differences were evaluated by the log-rank test.
A P value of less than 0.05 was considered significant. All analyses were performed using IBM Statistical Package for Social Sciences (SPSS), version 22.0. Abbreviations: RT radiotherapy, ECOG Eastern Cooperative Oncology Group, UICC Union for International Cancer Control, BED10 biological effective dose with α/ β = 10 Gy, n.s not significant
Results
Patients' characteristics are shown in Table 1 . Median maximum lymph node diameter was 22 mm (range, 5-106 mm). Histological diagnosis in all of the patients in whom re-irradiation was performed was squamous cell carcinoma. Median total radiation dose for oligo-recurrence was 60 Gy (range, 18-70 Gy). Of the 33 patients, 7 patients received definitive radiotherapy with median dose of 60 Gy (range, 50-60 Gy) as an initial treatment for esophageal cancer, 9 patients received adjuvant radiotherapy with median dose of 40 Gy (range, 40-60 Gy), and the others received neoadjuvant radiotherapy with median dose of 30 Gy (range, 30-40 Gy). Eleven of the 33 patients with a past irradiation history underwent re-irradiation by a hyperfractionation method with 1.2 Gy/fraction. Therefore, the median calculated biological effective dose using the Linear-Quadratic (LQ) model with α/β = 10 Gy (BED10) in patients in whom re-irradiation was performed was significantly lower than the median BED10 in others (MannWhitney U test, p < 0.001). All of the patients with a past irradiation history received involved field radiation therapy. There was no difference factor except for BED10, histology and irradiation field between patients with a past irradiation history and patients without a past irradiation history. Twenty-nine of the 33 patients received concurrent chemotherapy with re-irradiation. The regimen included an FP regimen (5-fluorouracil and cisplatin) in 15 patients, nedaplatin plus 5-fluorouracil in 12 patients, S1 alone in 1 patient, docetaxel alone in 1 patient. The median observation periods in all patients and seven surviving patients in whom re-irradiation was performed were 14.9 months and 21.7 months, respectively. The 3-year and 5-year overall survival rates in the 33 patients with a past irradiation history were 17.9% (95% confidence interval (C.I.) = 3.4-32.4%) and 0%, respectively, with a median survival period of 16.0 months (95% C.I. = 7.0-17.6) (Fig. 1) . The 3-year and 5-year overall survival rates in 215 patients without a past irradiation history were 36.7% (95% C.I. = 29.4%-44.0%) and 26.9% (95% C.I. = 19.8%-34.0%), respectively, with a median survival period of 21.5 months (95% C.I. = 16.4-26.6). There was a significant difference between survival rates in the two groups (log-rank test, p = 0.015). The 3-year local control rates in the 33 patients with a past irradiation history and that in the 215 patients without a past irradiation history were 21.0% (95% C.I. = 0%-42.0%) and 58.9% (95% C.I. = 50.9%-66.9%), respectively (Fig. 2 ). There was a significant difference between local control rates in the two groups (log-rank test, p = 0.0007).
One patient in whom re-irradiation was performed died from treatment-related gastric hemorrhage. There was no grade 3 or higher non-hematologic toxicity in patients with a past irradiation history other than that patients. In patients with overlapping irradiation fields, the median cumulative BED (range) for spinal cord, duodenum and membranous portion of the trachea using the LQ model with α/β = 3 Gy (BED3) was 70.2 GyBED (63-84.3), 134 Fig. 1 There was a significant difference between overall survival rates in patients with a past irradiation history and in patients without a past irradiation history (Kaplan-Meier method) GyBED (67.7-193.3) and 134 GyBED (95.4-134), respectively. On the other hand, grade 5 toxicity including pleural effusion, mediastinal-bronchial fistula, drug-induced interstitial pneumonia, and esophageal bleeding occurred in 4 of the 215 patients without a past irradiation history. Grade 4 toxicity including cardiac tamponade, hyperglycemia, esophagobronchial fistula, fistula of a gastric tube (2 cases) occurred in 5 of the 215 patients without a past irradiation history, and grade 3 toxicity including anastomotic stenosis and pleural effusion occurred in 2 of the 215 patients.
Discussion
To the best of our knowledge, this is the first report showing that overall survival rate and local control rate in patients with oligo-recurrence in lymph nodes from esophageal cancer who had a past irradiation history were worse than those in patients without a past irradiation history. Even compared with past reports [5] [6] [7] [8] [9] , the results for patients with a past irradiation history are poor (Table 2 ). There have been few reports on re-irradiation for recurrent esophageal cancer. However, results of reirradiation in the head and neck region have been reported. It is thought that recurrent head and neck cancer may be more radioresistant than the primary tumors [10] . In intrathoracic recurrent non-small cell lung cancer, McAvoy et al. showed that a higher EQD2 as a reirradiation dose was associated with improved overall survival [11] . One of the reasons why local control rate in patients with a past irradiation history was worse might be that patients with a past irradiation history were treated by less BED10 than patients without a past irradiation history due to concerns about potential toxicity of reirradiation. We should probably use a higher BED in patients with a past irradiation history because it is assumed that recurrent esophageal cancer in patients with a past irradiation history is more radioresistant than that in patients without a past irradiation history.
Re-irradiation for recurrence after definitive radiotherapy or additional radiotherapy must be risky; however, the results of the present study indicated that toxicity of re-irradiation for oligo-recurrent esophageal cancer was acceptable. It is true that gastric hemorrhage in the reirradiation group occurred at 18 Gy with a conventional fraction, but there is the possibility that it was caused by tumor invasion. Furthermore, considering that grade 3 Fig. 2 There was a significant difference between local control rate in patients with a past irradiation history and patients without a past irradiation history (Kaplan-Meier method) Abbreviations: CRT chemoradiotherapy, RT radiotherapy or higher toxicity occurred in 11 of the 215 patients without irradiation history, at least severe toxicity was not more frequent than that in patients without a past irradiation history. Further investigation is needed to determine the appropriate irradiation dose and schedule. Qi et al. reported that the volume percent of the gastric tube receiving at least 50 Gy (V 50 ) was strongly associated with the degree of toxicity [12] . The reason for the small number of cases of severe toxicity in the present study might be that involved field radiation therapy was performed in all patients who received re-irradiation. By using an involved field, it might be possible to use a higher BED safely even in patients with a past irradiation history. Jingu et al. showed by matched-pair analysis that elective nodal irradiation was not necessary in chemoradiotherapy for postoperative loco-regional recurrent esophageal cancer [13] . It is thought that the poor prognosis in patients who underwent re-irradiation was not due to the difference in irradiation field.
In the present study, almost all of the patients received 3D-conformal radiotherapy. In the near future, it might be possible to deliver a sufficient radiation dose without increasing toxicity due to IMRT or proton therapy. However, it should be noted that cases of esophageal or anastomotic recurrence were not included in this study. There are some reports of severe toxicity (e.g., ulcer, perforation) of re-irradiation for the esophagus even with IMRT or proton therapy. Kim et al. reported that grade 5 tracheoesophageal fistula occurred in 3 of 10 patients with recurrent esophageal cancer treated with re-irradiation [14] .
The limitations of this study were its small sample size and retrospective analysis. It is necessary to perform prospective study with a much larger number of patients to determine the effectiveness and toxicity of reirradiation for oligo-recurrence in lymph nodes from esophageal cancer.
Conclusions
Results in the present study suggested that re-irradiation for oligo-recurrence in lymph nodes from esophageal cancer treated by definitive radiotherapy or by surgery with additional radiotherapy radiotherapy might be acceptable but unsatisfactory. 
